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Abstract
The main objective of this study was to investigate the impacts of land use/Land cover change
impacts on streamflow availability in The Kesem Watershed, Awash basin, Ethiopia. Two
methodological approaches were employed to achive the objective. The Soil and Water
Assessment Tool (SWAT) model was used to quantify the changes using two time period land use
maps. Moreover, Mann-Kendall (MK) statistical test was used to detect the monotonic trends if
exists in the time series of the measured and simulated streamflow. Land use change detection was
done using remote sensing techniques and the maps were processed using ERDAS Imagine 2014
and ArcGIS10.1 software. From the land cover change analysis results it was found that there has
been a substantial decline of forest lands, shrub lands, grass lands and drastic expansion of
agricultural land.
The SWAT modeling results showed that an increase of streamflow by 23.2% comparing the two
land use maps (1993 versus 2005). The analysis also revealed that flow during the wet months has
increased by 36.4% while the flow during the dry season decreased by 33.6%. The investigation
of the streamflow trends on the mean annual, seasonal, 1- and 7-days annual minimum and
maximum flows depict that in the case of 1-day maximum flow, no significant trend is noticeable;
however, the extreme low flows indicators (e.g. 1D minimum, 7D minimum) and dry seasonal
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flows exhibited statistically significant decreasing trends (p =0.015, 0.0016 and 0.005)
respectively. Overall, the combined results of the SWAT model and the statistical tests revealed
that land use change has caused a significant increase on mean annual streamflow and decreasing
dry season flows of the studied watershed during the last three decades. The identified result is
important to manage the water resources in an optimal manner. Besides, planning of water
resources development in the basin, should take into account land use change scenarios in order to
bring sustainable development in the basin.

Key words: Kesem watershed, land use/cover change, stream flow, SWAT, trend analysis
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1. Introduction
In human dominated landscape expansion and intensification of agriculture is the main cause
for the alteration of water flows globally both in quality and quantity. These changes have
increased the risk of ecosystem regime shifts (Gordon et al., 2008). The ecosystem and the
services they rendered have impacted in many ways through human transformation of global
water flows. For instance, water withdrawal for irrigation, land use/land cover change and
agriculture can be identified as the major activities or drivers for the changes. Among these
ecosystem services, the land use change is a primary cause of biodiversity loss and has a major
impact on the hydrologic cycle. It alters both runoff behavior and the balance that exists
between evaporation, groundwater recharge and stream discharge in specific areas and in entire
watersheds with considerable consequence for all water users (Defries & Eshleman, 2004).
Population growth, rapid economic development and poverty have been identified as the
underlying causes of land use change resulting in deforestation and land degradation at the
global scale (Bolland et al., 2007; Giri et al., 2003). Indeed, the underlying mechanisms, which
underpin the impact of land use change on streamflow is not yet fully understood (Wang et al.,
2007).
There are too many literature among others, which demonstrated an evidences on the work of
the effects of land use/land cover (LU/LC) change on streamflow responses in different parts
of the globe (e.g. Bosch and Hewlett, 1982; Zhang et al., 2001; Singh and Saraswat, 2016;
Singh et al., 2018; Ott and Uhlenbrook, 2004; Brown et al., 2005.; Siriwardena, et al., 2006;
Leh et a;., 2018; and Siebert and McDonnell. 2010).
Many of the past studies that address the effects of land cover change on streamflows depicted
contrasting outcomes with regard to the factors attributed to the change in streamflow (Rientjes
et al., 2011). For instance, agricultural expansions at the expense of deforestation resulted in
increased annual streamflow (Costa et al., 2003; Siriwardena, et al., 2006). In Kenya, Nzoia
watershed increasing in agricultural land and decrease in forest cover led to an increase in
surface runoff (Githui et al., 2009), afforestation as a soil conservation measure in loess Plateau
China reduced the annual streamflow (Huang et al., 2003), afforestation with eucalyptus
plantation in South Africa reduced in streamflow total and dry season flows (Scot and Smith,
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1997; Sikka et al., 2003), intensified afforestation in the Rhine basin resulted in reduction of
both the peak runoff and the total runoff volume (Hundecha and Ba´rdossy, 2004). Study by
Zhang and Schilling (2006) reported that conversion of perennial vegetation to seasonal row
crops, especially soybeans, in Mississippi river basin have reduced evaporation, increased
groundwater recharge, and thus increased baseflow and streamflow.
Nevertheless, with these enormous published researches on the effects of land use change on
streamflow responses, few researches have been conducted in Ethiopia. Researches looked at
the effects of land use/land cover changes on streamflow responses in Ethiopia documented
(e.g. Legesse et al., 2003; Beweket and Sterk., 2005; Rientjes et al., 2011; Tekleab et al., 2014).
Most of the other studies in the country focused only on the land use/land cover detection
analyses (e.g. Hedlund, & Tekle, 2000; Zeleke and Hurni, 2001; Amsalu et al., 2007; Hadgu,
2008). Thus, researches which account both the LU/LC cover detection analyses and
investigating the effects of LU/LC change on streamflow frequency, magnitude and timing are
vital for planning and management of water resources now and enable to bring sustainable
development in the region for the generation to come.
The present study is conducted in Kesem watershed within the Awash basin. In this watershed,
one of the development project called Kesem-Kebena dam irrigation project is found. This
project is expected to develop more than 20,000 ha of land for sugar production. Thus, the
hydrologic responses to LU/LC change in the Kesem watershed is vital from the perspective of
setting proper planning and management of water resources and for the sustainability of the
project in the basin. The main objective of this study is therefore; to quantify the impact of land
use/land cover (LULC) change on the streamflow of Kesem watershed, in the Awash basin;
specifically (a) to assess the historic land use and land cover change trajectories. (b). to estimate
and compare streamflow change for different land use periods (1993 and 2005 land use maps)
and (c). to examine the extreme flows in the Kesem watershed over the period 1986-2015.
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2. Description of the study area
Kesem watershed is one of the tributaries of Awash River located at the southern end of the
Afar depression in Afar regional state and has a drainage area of about 2884 km 2 delineated
using ArcGIS 10.1 with a 90 m resolution digital elevation model of the NASA Shuttle Radar
Topographic Mission (SRTM) obtained from the Consortium for Spatial Information
(CGIR_CSI) website (http://srtm.csi.cgiar.org). The delineation was performed above Awara
Melka stream gauging station (see figure 1).

Figure 1: Location map of the study area
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Kesem watershed rises on the high Ethiopian plateau and descends the western scrap of the
Great Rift Valley to join the Awash River. The altitude of the study area ranges from 800 to
3547 m. a. s. l. and covers slope range from flat 0º to steep 70º. The topography of study area
is extremely rugged. The major land forms are ranging from moderate to high hills, faulted lava
platform steps, dissected gorges and high volcanic pediments hills, an upland plateau, and
escarpments, deep dissected gorges (WWDSE, 2005).
The long term mean maximum temperature over the period of 1986-2015 is about 28°C and the
mean minimum temperature computed over the same period is 16°C. The mean annual
precipitation ranges between 506 to 958 mm/y in the lower (e.g. Metehara station) and upper
part (e.g. Debre Birhan station) of the watershed computed over the period 1986-2015. The
long term mean streamflow measured at Awara Melka gauging station is about 13.2 m3/s. The
intra-annual and inter-annual variation of climate and streamflow in the watershed is presented
in figure 2.

Figure 2. Climatic and streamflow variation: a) Intra-annual variability (1986-2015), b) Interannual variability (1986-2015)
2.2 Data sources
2.2.1 Hydro-meteorological data
The streamflow dataset is based on manual water level measurements (daily at 06:00 a.m. and
06:00 p.m.) at ‘’Awara Melaka” gauging station for the period 1985-2015, was collected from
the Ethiopia Ministry of Water Resources, Irrigation and Electricity (EMWIE). Daily
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precipitation and temperature data at six meteorological stations representing the watershed
were obtained from the Ethiopian National Meteorological Agency. Table 1 shows the types of
the collected data records serving as an input data for the model.
During the data analysis process as a first step, suspicious records of the hydro-meteorological
data were omitted. The consistency of precipitation records at individual station were checked
against the mean of the neighboring stations using a double mass analysis. The analysis showed
that all of the stations data are consistent to be used for achieving the aspired objectives. The
missing records in climate data series were filled by the weather generator embedded in SWAT
model. The missing data in streamflow records were filled by regressing the flow at Arerti
gauging station in the headwater within the watershed and the streamflow at Awara Melka
gauging station with a coefficient of determination (r2= 0.8).
Table 1: Temporal and spatial input data used in this study
Data type
Topography map
Land use
map/Landsat TM
imageries
Soil map
Weather

Hydrometric
Station name

Description
Digital Elevation Map
(DEM)
Land use classification

Resolution
30*30 m

Source
ASTER

30*30 m

NASA Website
www.
earthexplorer.usgs.gov
EMWIE
ENMA

Soil type
90*90 m
Daily precipitation,
6 stations
minimum and maximum air
temperature
Daily streamflow
1 station
Meteorological stations
% Missing
Data
Preci Tmin
Tmax
Rh
length

Debrebrhan
Methara

1986-2015
1986-2015

3.3
1.6

Aleltu

1986-2015

11.5

Bologiorgis

1986-2015

14.3

Chefedonsa
Awash-7

1986-2015
1986-2015

3.4
3.7
NA

NA
7.8
8.8
12.5
12

EMWIE

Shr

wd

3.1
1.7

19.4
6

36
10.7

18
7

NA

NA

NA

NA

NA

NA

NA

NA

3.7
13.8

NA
NA

NA
NA

NA
NA

Where: Prci=precipitation; Tmax= maximum temperature; Tmin= minimum temperature; Shr=
sunshine duration; Rh= relative humidity; Wd= wind speed. EMWIE stands for Ethiopian
Ministry of Water Irrigation and Electricity, ENMA is Ethiopian National Meteorological
7
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Agency. The spatial locations of the meteorological stations based on the Thiesen polygon
weight are shown in figure 3.

Figure 3: Spatial location of meteorological stations
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3. Methods
3.1 Image processing
This study used remote sensing techniques to detect the land use/ land cover (LU/LC) changes
over the past 30 years (1986-2015) using ERDAS imagine 2014 software. For this purpose
satellite imageries with the best quality and low cloud cover during dry seasons i.e. from January
to May were acquired from the USGS (U.S. Geological Survey) website earthexplorer.usgs.gov
Two Landsat (TM) images at 30 m spatial resolution acquired on 26 March 1993 and 13 February
2005 respectively were used for this study. Six channels of Landsat (TM): blue – band 1(0.45 –
0.52 μm), green – band 2 (0.52 – 0.60 μm), red – band 3 (0.63 – 0.69 μm), near infrared – band4
(0.75 – 0.90 μm), mid infrared – band5 (1.55 – 1.75 μm), and far infrared – band7 (2.09 – 2.35
μm) were selected. The thermal infrared – band6 (10.4 – 2.50 μm) was not used because of its
coarser resolution. TM band 6 was acquired at 120 meter resolution. Fig.4 shows that the selected
Landsat TM images clipped over the study area. Bands 3, 4 and 5 were combined together as
blue, green and red, respectively to provide the false color composite image (RGB image) that
was used as a background to perform a supervised classification on both the 1993 and 2005
images.

Figure 4. Landsat TM satellite imageries for the year 1993 and 2005 for the Kesem
watershed.

A pixel based supervised image classification with maximum likelihood classification
algorithm (MLC) was used to map the land use/ cover classification of the two period. The
9
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maximum likelihood classifier is selected as compared to other classifiers the MCL take in to
account the spectral variation within each category and the overlap covering the different
classes (Rientjes et al., 2011). The references used to select the training sites for the supervised
image classification was the google earth high resolution imagery. Training areas were derived
by connecting ERDAS Imagine 2014 software with google earth and then determine the cover
type by examining the image in google earth for each colour having the same cluster from
satellite image. The signature level taken was between 30 and 45 for each of the land cover
classes over an image. Similar dates of the TM and google earth images were taken while
selecting training areas. Global positioning system (GPS) was used to locate the samples of
ground truth control points. After the signature was achieved for each class using MLC
algorithm eight different land cover classes were identified. The description of these land use
classes is presented in table 2.
Table 2: Major land use/ land cover classes in the Kesem watershed
Major land cover

Description

Bare land

Completely uncovered with vegetation

Agricultural land

Areas used for crop cultivation (both annual and perennials), scattered rural
settlements, some pastures and plantations around settlements. Sparsely located
settlements were included here as it was difficult to separate them from agricultural
lands.

Dense Forest

Moderate Forest

Trees and other plants in a large densely wooded area. Forest lands could be evergreen.

Forest mixed

Sparse Forest

Forest deciduous

Grass land

Land units where the potential natural vegetation is predominantly grasses and grasslike plants.

Wet lands

Land with shallow water
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Shrub lands

Sparsely located trees with brush and shrub form types, bushes and wood lands were
included.

3.2 SWAT model description
The SWAT model used in this study is a continuous time model that operates on a daily/subdaily time step. It is physically based conceptual distributed model and can operate on large
basins for long periods of time (Arnold et al., 1998). The hydrological cycle is based on the
water balance equation provided in equation 3.1.
𝑆𝑊𝑡 = 𝑆𝑊𝑂 + [∑𝑡𝑖=1 𝑅𝑑𝑎𝑦 − 𝑄𝑠𝑢𝑟𝑓 − 𝐸𝑎 − 𝑊𝑠𝑒𝑒𝑝 − 𝑄𝑔𝑤 ]

Eqn.(3.1)

Where: SWt is the final soil water content (mm); SW0 is the initial soil water content on day i
(mm); t is the time (days); and Rday, Qsurf, Ea, Wdeep and Qgw are, respectively, the amount in
mm of precipitation, surface runoff, evapotranspiration, water percolation into the deep aquifer
and the amount of groundwater flow on day i. Further detail descriptions about the model is
found in (Arnold et al., 1998; Neitsch et al., 2002).
The Natural Resources Conservation Service Curve Number (CN) method is used for the
estimation of the surface runoff component (USDA-SCS, 1972). The evapotranspiration is
estimated using Penman-Monteith see equation 3.2 (Monteith, 1965). The Penman-Monteith
method, which has been applied successfully in different parts of the world, was compared with
other methods and is accepted as the preferred method for computing potential evaporation
from meteorological data (Allen, et al., 1998; Zhao et al., 2005). The flow routing in the river
channels is computed using the variable storage coefficient method (Williams, 1969).

𝜆𝐸 =

Δ.(𝐻𝑛𝑒𝑡 −𝐺)+𝜌𝑎𝑖𝑟 .𝐶𝑝 .[𝑒𝑧0 −𝑒𝑧 ]/𝑟𝑎
𝑟

Δ+𝛾.(1+𝑟 𝑐 )

Eqn. (3.2)

𝑎

Where λE is the latent heat flux density (MJ m-2 d-1),
E is the evaporation rate (mm d-1), Δ is the slope of the saturation vapor pressure-temperature
curve, de/dT (kPa °C-1), Hnet is the net radiation (MJ m-2 d-1), G is the heat flux density to the
ground (MJ m-2 d-1), ρair is the air density (kg m-3), cp is the specific heat at constant pressure
(MJ kg-1 °C-1), is the saturation vapor pressure of air at height z (kPa), eoz and ez are the water
vapor pressure of air at height z (kPa), γ is the psychrometric constant (kPa °C -1), rc is the plant
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canopy resistance (s m-1), and ra is the diffusion resistance of the air layer (aerodynamic
resistance) (s m-1).
3.2.1 SWAT Model setup
In the process of model setup, a 30 m* 30 m Digital Elevation Model was used to delineate the
watershed at Awara Melka stream gauging station. The delineated area constitutes about 2884
km2 in total sub divided into 29 sub-watershed. The spatial representation of the topography is
presented in figure 5. Furthermore, six meteorological stations and land use, soil and
topographic information provided in table 1 were used in this study. Among six meteorological
stations, Methara station is taken as a principal station for generating weather parameter values
in the remaining five stations. The land use information classified based on 1993 and 2005 maps
were used as an input for the model (see figure 6). All the land use parameterization (e.g. leaf
area index, maximum stomatal conductance, maximum root depth, optimal and minimum
temperature for plant growth) were assigned based on the available SWAT land use classes (see
table 3). Figure 5 presents the soil types in the watershed. There are about nine soil types
identified within the watershed (WWDSE, 2005). The soil types and percentage coverage are
provided in table 4.
Finally, the spatial data; the land use map, the soil map and the topographic information (the
slope classes) were overlaid to derive a total number of 291 and 336 HRUs with unique land
cover/soil and slope classes for 1993 and 2005 land use, respectively. The land use, soil and
slope datasets were imported overlaid and linked with the SWAT-databases. To define the
distributions of HRUs multiple HRU definition options were tested. For multiple HRU
definition 5 percent land use, 10 percent soil and 10 percent slope threshold were used.
Table.3: Land use/ cover types of Kesem watershed for SWAT model input
LULC

LULC redefined
by SWAT

SWAT code

Dense forest

Forest ever green

FRSE

Sparse forest

Forest mixed

FRST

Moderate forest/wood land

Forest deciduous

FRSD

(open/closed) grass/Pasture land

Range grass

RNGE
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Agricultural land (perennial & annual
crop)

Agricultural land
close grown

AGRC

Shrub (open/closed) land

Range brush

RNGB

Wet land

Wet land

WETL

Bare land

Bare land

BARR

Table 4: Soil types of Kesem watershed with their areal coverage for SWAT model input

Calcic Xerosols

CAXE

Area
km2
10.98

Chromic Cambisols

CHCA

94.46

3.28

Eutric Cambisols
Eutric Regosols
Haplic Xerosols
Leptosols
Orthic Solonchaks

EUCA
EURE
HAXE
LEPT
ORSO

1207.3
193.96
61.86
132.25
85.47

41.86
6.73
2.15
4.59
2.96

Pellic Vertisols

PEVE

344.28

11.94

Vertic Cambisols

VECA

753.29

26.12

Soil type

Soil code

%
0.38

Figure 5. Spatial inputs used in the study area; The Digital Elevation Model left figure and the
soil map right figure.
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The stramflow data 1986-1997 were used for calibration and 1998-2002 were used for
validation. With in a calibration period a warm up period was set to intialize the model for three
years 1986–1988. Manual calibration supported by automatic calibration was used for model
calibration. The manual calibration was done by varying the values of the sensitive parameters
within their permissible range (see table 5). It was carried out repeatedly by changing one of
the most sensitive parameters in the model and then observing the corresponding changes in
the simulated flow. Sensitivity analysis was carried out to identify the most sensitive parameters
for the model calibration using One-factor-At-a-Time (LH-OAT), which is an automatic
sensitivity analysis tool implemented in SWAT (Van Griensven et al., 2006). Up on the
completion of sensitivity analysis, the mean relative sensitivity (MRS) values of the parameters
were used to rank the parameters, and their category of classification based on (Lenhart et al.,
2002). If the MRS is in between 0 and 0.05 the sensitivity catogery is small to negligible.
Medium sensitivity is given when the MRS values are in a range between 0.05 and 0.02; high
sensitivity values catogorized when the MRS values are in between 0.2 and 1.0 and the very
high sensitivity values catagorized when the MRS are greater than a value of 1.0.
Afterwards, those sensitive parameters were automatically calibrated using the Sequential
Uncertainty Fitting (SUFI-2) algorithm (Abbaspour et al., 2007). The SUFI-2 evaluated the
calibration results through the r-factor which is the average thickness of the 95PPU band
divided by the standard deviation of the measured data. The goodness of calibration and
prediction uncertainty is judged on the basis of the closeness of the p-factor to 100%. This
means that all observations bracketed by the prediction uncertainty and the r-factor to 1.
Table 5: Model parameters and permissible ranges

Parameters

Allowable range

CN2

+25%

ESCO

+25%

Gwqmn

0-5000

Canmx

0-10

SOL_Z

+25%

SOL_K

+25%
14
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SOL_AWC

+25%

Slope

+25%

The average thickness of the 95PPU band (𝑟̅ ) and the r-factor are computed by Equation 3.3
and 3.4 respectively.
1

𝑀
𝑀
𝑟̅ = 𝑛 ∑𝑛𝑡𝑖(𝑦𝑡𝑖,97.5%
− 𝑦𝑡𝑖,2.5%
)

𝑟 − 𝑓𝑎𝑐𝑡𝑜𝑟 =

Eqn. (3.3)

𝑝−𝑓𝑎𝑐𝑡𝑜𝑟

Eqn. (3.4)

𝜎𝑜𝑏𝑠

𝑀
𝑀
Where: (𝑦𝑡𝑖,97.5%
𝑎𝑛𝑑 𝑦𝑡𝑖,2.5%
represent the upper and lower boundaries of the 95 PPU and 𝜎𝑜𝑏𝑠

is the standard deviation of the measured data.
3.2.2 Model Performance Evaluation
Three model performance evaluation methods; the Nash and Sutcliffe (1970) efficiency (E NS),
the coefficient of determination (r2) and percent bias (PBIAS) were used in both calibration and
validation periods (see equations 3.5-3.7).


= 1−


n

E NS

Where:

i =1
n

(qoi − qsi ) 2

Eqn. (3.5)

(qoi − qo ) 2
i =1

qsi is the simulated value, qoi is the measured value, and ̅̅̅
𝑞𝑜 is the average obseved

flow, the ENS[-] values range from 1.0 (best) to negative infinity.



n

r =
2

i =1

(qsi − qs )(qoi − qo )



2

Eqn. (3.6)

i=1 (qsi − qs ) 2 i=1 (qoi − qo ) 2
n

n

Where: qsi is the simulated discharge, qoi is the measured , q s is the average simulated
discharge and q o is the average measured discharge (m3/s).
Percent bias (PBIAS): measures the average tendency of the simulated data to be larger or
smaller than the observations (Gupta et al., 1999).


PBIAS = 100 * 



(

n

i =1

)

n
qoi − i =1 qsi 

n

q
i=1 oi


Eqn. (3.7)
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Where: qsi is the simulated discharge and qoi is the measured discharge. A value close to 0%
is best for PBAIS. A negative value indicates model over estimation and a positive value
indicate model under estimation.
3.3 Streamflow Trend Detection
Mann-Kendall (MK) test is a rank based, non-parametric test, which has been widely used for
detection of trends in time series (e.g.Yue and Hashino, 2003; Zheng et al., 2007; Tekleab et
al., 2013). The null hypothesis is that a data series is serially independent and identically
distributed with no trend. For details of pre-whitening procedure before applying the MK test
reader may refer (Tekleab et al., 2013). In this study, to support the modelling outputs, the
hydrological extremes indicators e.g. 1-D minimum, 7-D minimum, 1-D maximum and 7-D
maximum flows were evaluated. Moreover, the mean annual and seasoanl flows (dry season,
January through March and wet seasons June through Septemeber) were investiagted for the
existence of ststistical significant trends in time series.
The MK test statistic S is given by the formula:
n −1

S =

n

 sgn(x

k =1 j = k +1

j

− xk )

Eqn. (3.8)

Where xj and xk are the annual data values in years j and k, j > k respectively.

1 if x j − x k  0 


sgn(x j − x k ) = 0 if x j − x k = 0 


− 1 if x j − x k  0

Eqn. (3.9)

The variance of (S) for independent and identically distributed random variables with no tied
data and the standardized MK statistic Z follows the standard normal distribution with mean of
zero and variance of one. The variance VAR(S) and Z are computed using equation (3.10) and
(3.11), respectively. The trend results in this study have been evaluated at 5% significant level.
This implies that the null hypothesis is rejected when Z > 1.96 in equation 3.11. Where, Z is
the standard normal variate.
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n(n − 1)(2n + 5)
18

Eqn. (3.10)

 S −1

 VAR( S ) if S  0




Z = 0
if S = 0 
 S +1


if S  0 
 VAR


Eqn. (3.11)

VAR( S ) =

The presence of a statistically significant trend is evaluated using the Z value. A positive Z
indicates an increasing trend, while a negative value indicates a decreasing trend.

4. Results and Discussions
4.1 Accuracy Assessment
Table 6 and 7 presents the confusion matrix that has been established using 158 ground control
points (GCPs) for the validation of the classified maps. The accuracy measures of the 1993 and
2005 land use classification has showed, Kappa coefficient and overall accuracy of 84% & 87%
and 82% & 85%, for 1993 and 2005 maps respectively. According to Monserud (1990) the
obtained Kapa coefficients are in a range of 70-85% depicts very good classification and thus
in both images the classification results in this study rated as very good aggreement with the
validation data.
Table 6: Confusion matrix for validation of 1993 LU/LC map classification
Predict
value
Den_f
Mod_f
Spa_f
Gra
Agr
Shr
Wet
Bar

Den_f
4
2
1
0
0
0
0
0

Mod_f
2
17
0
0
0
2
0
0

Ground control point
Spa_f
Gra Agr
1
0
0
2
0
0
4
0
0
0
24
2
0
2
32
2
1
0
0
0
0
0
0
0

Shr
0
1
0
0
1
47
0
0

Wet
0
0
0
0
0
6
0

Bar
0
0
0
0
0
1
0
4

Total
7
22
5
26
35
53
6
4
17
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Total

7

21

9

27

34

49

6

5

158

Where: Den_f- Dense forest, Mod_f- Moderate forest, Spa_f- Sparse forest, Gra- Grass
land, Agr- Agricultural land, Shr- Shrub land, Wet- Wet land and Bar- Bare land.
Table 7: Confusion matrix for validation of 2005 LU/LC map classification.
Predict
value
Def_f
Mod_f
Spa_f
Gra
Agr
Shr
Wet
Bar
Total

Den_f
4
1
1
0
0
1
0
0
7

Mod_f
1
17
1
0
0
2
0
0
21

Ground control point
Spa_f
Gra Agr
1
0
0
2
0
0
4
0
0
0
25
2
0
1
31
2
1
1
0
0
0
0
0
0
9
27
34

Shr
0
2
0
1
1
45
0
0
49

Wet
0
0
0
0
0
0
6
0
6

Bar
0
0
0
0
0
1
0
4
5

Total
6
22
6
28
33
53
6
4
158

4.2 Analyses of land use/cover change
Figure 6 presented the results of the classified land use maps for the 1993 and 2005 images.
The areal percentage of the two land use maps are presented in figure 7. Based on the classified
maps eight LU classes (agricultural land, grass land, shrub land, wet land, bare land and sparse,
moderate & dense forest) were obtained. The 1993’s land use in the Kesem watershed was
mainly classified as shrub land, which takes up about 52.6% (1517 km2) of the total watershed
area. About 19.3% (557 km2) of the land use was defined as agricultural land and 11.3% (327
km2), 0.2 % (5 km2), 0.3% (9 km2) and 16.3% (469 km2) was listed as grass land, wet land, bare
land and forest land (dense, moderate & sparse), respectively.
The 2005 land use classification shows that the main type of land use was shrub land type,
approximately 50.0% of the watershed area (1442 km2). About 25.8% (743 km2) of the
watershed area was classified as agricultural land use. Grass, forest and bare land use had
percentages of approximately 10.5% (303 km2), 13% (382 km2) and 0.4% (11 km2),
respectively of the total watershed area. Wet land covers the remaining small percentage (3%)
of the watershed. The results of the comparision of LU/LC percentage change is provided in
table 8.
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Table 8: Comparision of LU/LC percentage change using 1993 and 2005 maps
1993
Land cover
Dense forest
Moderate forest
Sparse forest
Grass land
Agricultural land
Shrub land
Wet land
Bare land

Area (km2)
214
208
47
327
557
1517
5
9

2005
Area
(%)
7.4
7.2
1.6
11.3
19.3
52.6
0.2
0.3

Area
Area (km2)
(%)
148
5.1
176
6.1
59
2.0
303
10.5
743
25.8
1442
50.0
3
0.1
11
0.4

Percentage
change
(%)
-31
-15
+25
-7
+33
-5
-60
+29
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Figure 6. Classified LU/LC maps using 1993 and 2005 images.

Figure 7. Comparison of LU/LC percentage change of 1993 and 2005 maps.
4.3 SWAT Output
4.3.1 Sensitivity analysis
The result of sensitivity analysis indicate that eight parameters namely; curve number (CN)
with a sensitivity index of (3.8), soil available water capacity (SOL_AWC), soil depth
(SOL_Z), soil evaporation compensation factor (ESCO), Saturated hydraulic conductivity
(SOL_K), Slope (SLOPE), threshold depth of water in the shallow aquifer (GWQMN) and
maximum canopy index (CANMX) are the most important parameters for the studied
watershed. From those eight parameters the first two (CN2, the parameter which is related to
runoff as function of soil permeability, land use and antecedent soil water conditions) and
ESCO the soil evaporation compension factor were the most sensitive parameters and given
high priority during calibration process.
4.3.2 Calibration and Validation
The result of the calibration and validation for the two land use maps indicated that the
simulated discharge is good agreement with the measured discharge as evaluated with different
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performance measures as summarized in table 9 The simulated and observed streamflow during
calibration and validation period is illustrated in figure 8.

Table 9: SWAT performance during the calibration and validation periods
1993- LU/LC
Performance
criteria
Calibration
validation

2005- LU/LC
Calibration

Validation

R2

0.93

0.94

0.87

0.89

ENS

0.85

0.87

0.71

0.77

PBIAS

5.9

-1.2

-19.8

-14.9

P-factor

0.88

0.85

0.86

0.83

R-factor

0.93

0.61

0.91

0.52

Figure 8: Mean monthly observed and simulated hydrographs: Upper figure calibration and
lower figure validation sample for the 1993 LU/LC map.
The results of the uncertainty analysis indicated that the p-factor brackets about 88% and 86%
of the observation respectively in 1993 and 2005 LU/LC maps during calibration period. It also
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exhibit similar percentage bracketing during the validation period. Similarly, the r-factor
showed 0.93 and 0.91 in both the LU/LC maps is good in capturing the uncertainties
(Abbaspour et al., 2007). However, the r-factor during validation periods in both the LU/LC
maps depicts lower values might indicate that the model uncertainties could not be captured
well in the validation period. Figure 9 show that the predictive uncertainties in the calibration
and validation periods sample for 1993 LU/LC map.

Figure 9: Uncertainty assessment showing the 95% prediction uncertainty intervals along
with the measured mean monthly discharge for the 1993 LU/LC map: Upper figure
Monthly calibration and lower figure validation.
4.3.3 Impact of LU/LC change on Streamflow
The modeling results depict that between the two LU/LC periods, the surface runoff and
lateral flow were increased from 73.1 mm to 80.4 mm and 17.2 mm to 23 mm, respectively.
While ground water has decreased from 46.5 mm to 44.2 mm, respectively. This attributed
to the expansion of agricultural land expansion and less infiltrating water into the
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groundwater storage. This results are interlinked with the LU/LC change, which detect as a
declining trends of forest and shrub land from 1993 to 2005 which has contributed to the
increased surface runoff and reduction of water infiltrating into the ground. On the other
hand, the rate of evapotranspiration and potential evapotranspiration has decreased resulting
in increased water yield. As a result of decreasing percolation rate, total aquifer recharge
has decreased throughout the study period from 1993 to 2005 (see table 10).
Table 10: The change in hydrological processes based on the two LU/LC maps
Hydrological components
Surface runoff (mm)
Lateral flow (mm)
Ground water flow (mm)
Total aquifer recharge (mm)
Water yield (mm)
Evapotranspiration (mm)
Potential evapotranspiration (mm)

LULC-1993
73.1
17.2
46.5
117
136.7
635
1217.3

LULC-2005
80.4
23
44.2
114.2
147.6
621
1211.5

The findings obtained in this study is in agreement with similar studies conducted in North and
South part of Ethiopia (e.g. Tadele and Förch, 2007; Asmamaew, 2013; Tekleab, 2014; Tesfa,
and Gebre Mariam, 2016; Rientjes et al., 2011). In all of those studies major modification in
particular the agriculture intensification have brought about an upward trend statistically
significant trends in wet season flows and a downward trend in dry season flows.
The MK trend test results showed that statistically significant upward and downward trends
were seen in streamflows as evaluated at 5% level. Figure 10 illustrates the patterns of the
streamflow trends over time. For instance, the mean annual observed streamflow showed
statistically significant increasing trend (p=0.011). The MK statistical analysis results for 1Day and 7-Day minimum annual flows showed a consistently significant decreasing trend with
(''p'' values of 0.015 and 0.016) respectively. The seasonal flows; the dry season exhibit
statistically decreasing trend (p=0.005), while the wet season flows depict statistically
incerasing ternds (p=0.023). In contrast the 1-Day maximum flows did not show stastically
upward trend (p=0.338).
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Figure 10. Time series plot for: a) dry season flow, b) wet season flow, c) mean annual flow
and d) 1-D maximum flow in the Kesem watershed.
These statistical test results substantiate the modeling results in a sense that the changes in
hydrological processes i.e. more surface runoff and less recharge are due to the change in the
LU/LC over the considered period, the fact that precipitation did not exhibit any statistically
upward or downward trends. In fact, the change or the detection in hydrological processes out
of the modeling results are little as the time period considered between the two Land use is only
12 years. However, the statistical test results reveal significant changes in the mean annual,
seasonal and indicators of minimum flows which presumably the changes are attributed to the
rapid land use dynamics in the watershed.
Furthermore, the overall flow regime as scrutinize using the flow duration curve indicates that
for the 1993 land use map, the high flows of Kesem River at Awara Melka gauging station, the
flow equal or exceeded 5% to 20% of the time ranges in between 64.3 and 25.2 m3/s (see figure
11). Whereas for the 2005 land use map the flow for the 5 and 20 percent exceedance probability
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revealed 75.2 and 33.5 m3/s respectively. The analyses indicate that the high flows are
increasing in recent period than the former, which is increased about 16.9-33% over the period
1986-2015. For examining the extreme low flows the 90 to 95% flow exceedance probability
revealed the flow ranges in between 0.73 to 0.29 m3/s and 0.5 to 0.2 m3/s, respectively for the
1993 and 2005 LU/LC maps and the magnitude of low flows were decreased by 14.2-34.2%.
This is due to the expansion of agricultural land over others and its strong influence on
evapotranspiration, surface runoff and the amount of water that percolates into the groundwater
storage.

Figure 11: Monthly flow duration curve for the period 1986-2005 for Kesem river measured
at Awara Melka.

5. Conclusions
This study was aimed at assessing the effects of the land use/ covers changes on stream flow
of Kesem watershed between the years 1986 and 2015 using distributed hydrological model
(SWAT) and the Mann and Kendall statistical tests (MK-test). The response of a watershed
as a result of changing land use/ cover condition is modeled using SWAT model for two
different land use maps of 1993 and 2005, which showed a conversion of natural land use
classes (forest, grass and shrub land) into agricultural land. The modelling result showed that
the mean annual and wet season simulated streamflow of the studied watershed was
significantly increased by 23.2% and 36.4%, respectively while dry season simulated
streamflow was significantly decreased by 33.6%. The expansion of agricultural land
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increased surface runoff on the other hand, ground water flow, evapotranspiration and
potential evapotranspiration were decreased which resulted for an increased water yield.
These modeling results are supported by the statistical test. The MK-test analysis result
showed that a significant increasing trends were observed in mean annual and wet season
flows, while decreasing trends were revealed for dry season and 1 and 7- day annual minimum
flows. However, 1-day maximum flow is characterized by insignificant increasing trend
during the analysis period.
From the study the combined results from two different approaches, i.e. the SWAT modeling
and statistical test, it can be inferred that the hydrology of Kesem watershed is changed which
attributed to the land use change. The analysis of flow regime using flow duration curve
showed an increasing trend of high flow with a magnitude of 16.9% - 33% and decreased low
flow with a magnitude of 14.2% - 34.2%. From results of the current study it can be
concluded that the effects of changes in land use/ cover potentially change the hydrological
regimes of the watershed. However, this study cannot generalized that the land use change is
the only driver for the changes in the flow regime. Thus, Future study should take into account
the combined effect of climate and land use changes could also be change the streamflow
availability at various spatio-temporal scales.
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